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ORIGINAL   ARTICLE


Efficacy of anticoagulant-free alternative bait products against


house mice (Mus musculus) and brown rats (Rattus norvegicus)


Erik SCHMOLZ


Federal Environmental Agency, Berlin, Germany


Abstract


The attractiveness and efficacy of four anonymous anticoagulant-free alternative rodenticides (active ingredients


cellulose or plaster) were tested on wild strain groups of house mice (Mus musculus Linnaeus) and brown rats


(Rattus norvegicus Berkenhout) in laboratory choice and no-choice experiments. In no-choice tests, the rodenticide


product was offered ad libitum to the animals for 21 days (mice) and 10 days (rats), respectively. In choice tests, the


rodenticide product and non-poisoned food were offered for 28 days (mice) and 14 days (rats). Two products with


cellulose (C1 and C2) as the active ingredient were tested against both mice and rats. In two no-choice tests with


mice, all animals died within 14 days (C1) and 21 days (C2); in a third no-choice test, 11% (2/18) of mice survived (C1:


21 days). In all three tests, numerous incidents of cannibalism were observed. The attractiveness of cellulose baits


was tested for one product (C1) in three trials against normal food pellets. In all trials, bait consumption was low and


all mice survived (15–34 days). Two no-choice trials with cellulose baits (C1) were conducted on groups of Rattus


norvegicus; 11 of 12 rats survived the bait feeding period and no cannibalism or sign of aggression between


conspecifics was observed. Two plaster-based (CaSO
4
·0.5H


2
O) products (P1 and P2) were tested against both mice


and rats; in no-choice tests, only one mouse (n = 20) and no rats (n = 8) were killed, although the baits proved to be


attractive for rats and mice in choice tests. The results of these experiments suggest that neither cellulose-based nor


plaster-based rodenticides are suitable agents for the control of Mus musculus and Rattus norvegicus.
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INTRODUCTION


Synanthropic rodents like house mice (Mus musculus


Linnaeus) and brown rats (Rattus norvegicus Berkenhout)


are pests for crops and stored products and pose consid-


erable risk to human and livestock health (Battersby et al.


2008). The need to control rats and mice with biocides in


urban habitats and on farms is undisputed. Nearly all ro-


denticides on the market that can be used for this purpose


are anticoagulants with a similar mode of action. Antico-


agulants have been enormously successful during the past


60 years, as they overcome bait shyness, a major problem


within rodent control. Anticoagulants are especially safe


for human use because: (i) the antidote (vitamin K) is easy


to obtain; and (ii) acute lethal toxication is unlikely be-


cause anticoagulants are designed to lead to a slow death,


leaving sufficient time for countermeasures.


However, the continuous use of anticoagulants as ro-


denticides has caused a reduced susceptibility to some


anticoagulant agents in North America and Europe (e.g.


Cowan et al. 1995). The understanding of molecular mecha-


nisms of anticoagulant resistance has been progressing
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steadily with the identification of the genes responsible


(Rost et al. 2004; Pelz et al. 2005), and a standard blood-


clotting-response test to measure the grade of suscepti-


bility has recently been established (Prescott 2003).


Nevertheless, the use of anticoagulants against mice and


rats has been identified as an inhumane method of rodent


control (Mason & Lipkin 2003; Paparella 2006) and the


ecotoxicological properties and environmental fate of


anticoagulants, some of which were classified as


persistent, bioaccumulating and toxic substances in the


course of the European biocide authorization process (EU


Directive 98/8), cause concern from an ecological point of


view (Birks 1998; Shore et al. 2003; Barnett et al. 2005).


Therefore, new agents for rodent control are urgently


needed.


Alternative products that claim to be “poison-free” have


been on the market for some years: two active substances


that are of particular interest are cellulose and plaster.


Rodenticides with cellulose or plaster are commercially


available in North America, South Africa and some parts


of Europe. The products are sold as ready to-use baits,


sometimes with attractants or flavors added. Powdered


corn cob has been notified under the EU Directive 98/8 as


a rodenticide (Pt 14). It contains approximately 43–45%


cellulose as an active ingredient. Plaster has not been


notified as a biocide.


Despite being commercially available, however, their


efficacy and modes of action are not known and remain


speculative. For example, cellulose is assumed to cause


rapid dehydration, reduced blood volume and reduced


blood pressure, culminating in circulatory shock and death.


It probably induces osmotic water transfer into the gas-


trointestinal tract, loss of extracellular fluid from gut tis-


sue into the gut lumen due to pressure from swollen cellu-


lose bait, and reduced water uptake through inhibition of


the thirst response. Similarly, plaster (calcium sulfate


hemihydrate; CaSO
4
·0.5H


2
O) is hygroscopic and probably


absorbs water from gut tissues and induces water transfer


Efficacy of anticoagulant-free rodenticides


Table 1 Schedule of all experiments conducted for this study. Duration of phase indicates the number of days that were planned for the


according experiment. Note that because in two cases the rodenticide killed all animals within the baiting or observation phase, the


experiment was shorter than planned and this is indicated in this table. Trial 1 ended at day 14 of the baiting period because all mice were


killed. It had thus a total duration of 17 days (three days familiarization + 14 days baiting and no observation). In trial three all mice were


dead after 21 days of baiting, so no animal entered the observation phase (total duration of experiment was thus 24 days)


†Baiting was stopped after 14 days because all animals were killed. ‡All animals were killed within the baiting phase, thus observation was not


necessary.
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into the gut lumen. Moreover, because it hardens after


taking up water, it might inhibit food passage through the


gastrointestinal tract, causing severe constipation, lead-


ing to death.


In the present paper, I report data from experiments on


wild strain groups of M. musculus and R. norvegicus on


the attractiveness and efficacy of commercially available


rodent baits with cellulose or plaster as the active ingredi-


ent under laboratory conditions to assess their potential


for rodent control as an alternative to anticoagulants. Be-


cause the aim of the present study was to undertake a


general assessment of cellulose and plaster as biocides


against rodents, and not a specific product evaluation, all


products that were tested have been anonymized.


Animal experiments were conducted according to the


protocols approved by the Institutional Animal Care and


Use Committee based on the applicable laws and


guidelines.


MATERIALS AND METHODS


The Infectious Diseases Protection Act (2001;


Infektionsschutzgesetz, IfSG) of the Federal Republic of


Germany prescribes the publication of a list of officially


tested and approved biocides against pest organisms. For


listing, the respective biocide has to be examined for effi-


cacy and attractiveness; the biocide must be functionally


capable of leading to the eradication of the target organ-


ism population. Among others, the Federal Environmental


Agency of Germany examines rodenticides, and the meth-


ods described here are regularly used for practical tests of


rodenticide efficacy and attractiveness. Details of the test


methods have been described and published as official


test guidelines (BBA 1992, BBA 1994).


Study animals


Wild strains of house mice (M. musculus) and brown


rats (R. norvegicus) were obtained from laboratory colo-


nies kept at the Federal Environment Agency. The rat and


mice colonies consisted of animals that had been caught


in natural habitats in northern and eastern Germany. New


wild-trapped individuals are regularly introduced to the


colonies at least every two years.


Principal experimental setup


For testing the efficacy and attractiveness of the alter-


native baits, groups of mice (9–20 individuals per group;


male : female ratio 1:1 up to 1:2) and rats (6–10 individuals


per group; male : female ratio 2:1 up to 1:2) were removed


from their colonies and placed in test chambers. Prior to


the start of the tests, animals were given three to five days


of familiarization with the test chamber; during this period,


they were fed with dry bread ad libitum.


Within the test chambers, the floor space was 6.2 m² for


rats and 5 m² for mice. Each chamber had two windows


and was not artificially illuminated. The walls, floor and


E. Schmolz


Figure 1 Number of surviving mice in


two no-choice trials with product C1.


Arrows indicate control days with can-


nibalistic incidents, C indicates number


of cases, asterisks indicate cases where


the cannibalized mice were still living


when detected. ( ) Trial 1 and ( ) trial 2.
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ceiling were tiled. Chambers were empty except for three


wooden nest boxes (18 × 25 × 40 cm), a water supply and


feeding dishes. During experiments, animals had ad libi-


tum access to water, the rodenticide product and, in choice


experiments, an alternative food.


Efficacy and attractiveness testing


For efficacy and attractiveness testing, no-choice and


choice tests were conducted, respectively. Table 1 gives


an overview of all experiments conducted in the present


study. In the no-choice test, a feeding tray with the roden-


ticide product was offered ad libitum to the mice for 21


days and to the rats for 10 days (baiting period). In the


choice tests, two feeding dishes were offered to the animals,


one with the rodenticide product and one with non-poi-


soned food, both in the same amounts; both food dishes


were placed at the opposite end of the nest boxes. In addi-


tion to cellulose bait, food pellets that had about the same


pellet size and texture as the bait were offered (SSNIFF rat/


mouse diet, SSNIFF Spezialdiäten GmbH, Soest, Germany).


Plaster baits were offered together with oat flakes as the


alternative food.


The distance between both feeding dishes was 120 cm


in all experiments. Each day, the places of both dishes


were interchanged to avoid spatial conditioning. After the


baiting period, surviving rats were fed with wheat and


surviving mice with oat flakes ad libitum and were ob-


served for 14 days in both types of tests (choice and no-


choice).


As the main parameter tested in the no-choice experi-


ments was mortality, two control groups of M. musculus


(10 males and 10 females each) and two control groups of


R. norvegicus (three males and two females each) were


placed in identical test chambers to those used in the ex-


periments and were provided with food pellets (SSNIFF


rat/mouse diet, SSNIFF Spezialdiäten GmbH, Soest,


Germany) and water ad libitum.


In all trials, rodenticide bait and food were replaced


once a day, and water was replenished. The number of


dead animals, the condition of surviving animals, consis-


tency of feces and behavioral abnormities were recorded


daily. The amount of bait and/or food consumed was cal-


culated daily using an electronic balance (PG5002-S Delta


Range, Mettler Toledo GmbH, Giessen, Germany, exact-


ness = 0.1 g).


Details of products tested


Two products with 40–45 % cellulose (hereafter denoted


as C1 and C2) and two products with 47% plaster (hereafter


denoted as P1 and P2) as active substances were tested


for efficacy and attractiveness. Product C1 was tested


against both M. musculus and R. norvegicus, and product


C2 against M. musculus only. Both P1 and P2 were tested


against M. musculus and R. norvegicus.


Efficacy of anticoagulant-free rodenticides


Table 2 Summary of results. Animals were only counted as survivors after survival of the baiting as well as observation phase
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RESULTS


Controls


All rats and mice in the control groups survived (for


summary of results, see Table 2). Mean individual daily


food consumption of mice within the two control groups


was 3.3 g day–1individual–1(SD ± 0.5 g day–1individual–1)


and 3.6 g day–1individual–1(SD ± 0.6 g day–1individual–1).


Wi th in  the  two  con t ro l  g roups  o f  r a t s ,  mean


food consumption was 19.5 g day –1individual –1


(SD ± 9.0 g day–1 individual–1) and 19.2 g day–1individual–1


(SD ± 5.5 g day–1individual–1), respectively. One mouse


was found wounded on its back on control day 8, but


survived.


Cellulose baits


Two no-choice trials were made with C1 to test its effi-


cacy against M. musculus: in trial 1, all mice were dead


within 14 days; in trial 2, two mice survived the maximum


bait feeding period of 21 days. Product C2 was tested


against a group of nine house mice (four male, five female)


in a no-choice trial for 21 days: all mice were dead after 21


days. In both trials with C1, numerous incidents of canni-


balism were observed. In trial 1, 14 of 19 mice were canni-


balized by their conspecifics, and 15 of 18 mice in trial 2


(Fig. 1). In both trials, feces consisted completely of cellu-


lose and bait material after three days. In the trial with C2,


seven of nine mice were cannibalized, whereas only one


mouse in the controls was attacked by its conspecifics.


The attractiveness of C1 bait was tested with M. mus-


culus in two choice-trials for 15 days and one choice trial


for 34 days in order to test long-term attractivity. C1 bait


consumption was low in all trials and all mice survived


(Table 2). For technical reasons, no choice-trials were made


with C2.


Two no-choice trials with C1 were made with wild strain


R. norvegicus. The total amount of bait consumed was


282.5 g in trial 1 and 497.5 g in trial 2. In trial 1, five of six


rats survived the experiments; in trial 2, all six rats sur-


vived the experiment. Mean daily consumption is shown


in Fig. 2. After six days, rat feces consisted exclusively of


cellulose. Although each rat consumed an average of 5–8


g of bait per day (Fig. 2), all but one individual survived


the bait feeding period, although they were in a weakened


state after 10 days. In both trials, no cannibalism or signs


of aggression between conspecifics was observed. In the


subsequent observation period of 14 days, each rat con-


sumed approximately 20 g of wheat per day with no


mortality. Due to the fact that all but one rat survived the


baiting period of 10 days and all individuals survived the


observation period, choice-trials were waived because the


bait had been proven to be ineffective against rats.


E. Schmolz


Figure 2 Mean daily food/bait uptake


of a group of six rats in no-choice experi-


ments with product C1. Mean daily up-


take was calculated by division of total


dai ly uptake through number of


individuals. From control day one to 10,


the rats were fed with C1 bait, and from


day 11 to 24, rats were fed with wheat.


One rat died in trial 1 at control day six,


all other rats survived. ( ) Trial 1 and


( ) Trial 2.
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Plaster


Because both P1 and P2 contained the same concentra-


tion of active ingredient, only one product was tested in a


no-choice trial against house mice (Table 1). Total bait


consumption of P1 was 1200.5 g over the course of 21


days. One mouse was found dead on day 10; all other


mice survived the baiting period of 21 days and the sub-


sequent observation period (Fig. 3).


Both P1 and P2 were tested in choice trials against mice.


Plaster baits were offered together with oat flakes as the


alternative food. A total of 274.0 g of P1 was consumed in


comparison to 823.0 g of oat flakes. Two mice died during


the baiting period of 28 days, and a further two individu-


als died during the post-baiting observation period. Total


bait consumption of P2 amounted to 224.5 g versus 1041.0 g


of oat flakes; all mice survived the experiment as well as


the post-baiting observation period. In trials with both P1


and P2, feces appeared grayish–white.


As with mice, only P1 was tested in a no-choice test


against R. norvegicus. P1 was offered to a group of eight


rats (four males, four females) for 10 days. Total bait con-


sumption was 630.5 g (Fig. 4). Total daily bait uptake fluc-


tuated widely, ranging from 0 to 161 g. All rats survived


the baiting and post-baiting periods.


P1 and P2 were tested in choice tests with rats together


with wheat as the alternative food source. Bait uptake was


high on the first night (138 g), thereafter fluctuating be-


Efficacy of anticoagulant-free rodenticides


tween 0 and 81 g. Total bait uptake was 431 g of P1 versus


2070 g of wheat. One rat was found dead after five days;


all other rats survived the baiting and post-baiting periods.


P2 had a higher attractiveness than P1, the study group


consuming a total of 1405 g of bait versus 1511 g of wheat.


All rats survived the baiting period and the post-baiting


period. In both choice tests (P1 and P2), the feces ap-


peared grayish–white at day six.


DISCUSSION


All experiments reported in the present paper were de-


signed for the practical evaluation of rodenticides. It was


not the aim of this study to give exact data on toxicity and


the mode of action. Instead, the experiments should allow


an estimate of the efficacy and attractivity of the rodent


bait as a biocide in synanthropic habitats.


Cellulose


The C1 bait was ineffective against R. norvegicus, be-


cause in no-choice trials after a period of 10 days and high


bait uptake, only one of 12 individuals died. The no-choice


trials with C1 and C2 against M. musculus are more diffi-


cult to interpret. Although 44 of 46 mice had died after 21


days, this was mainly due to cannibalism, potentially indi-


cating that the main effect of the bait was hunger and/or


dehydration. A toxic effect seems unlikely, because the


number of dead mice was evenly distributed across all


Figure 3 Mean daily food/bait uptake


of a group of 20 mice in no-choice ex-


periments with product P1. Mean daily


uptake was calculated by division of to-


tal daily uptake through number of


individuals. From control day one to 21,


the mice were fed with C1 bait, and from


day 21 to 35, mice were fed with oat


flakes. One mouse died at control day


10, all other mice survived.
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days of the experiment; typically, in no-choice experiments


with poisons, the number of dead rodents reaches a peak


depending on the specific mode of action and concentra-


tion and is not evenly distributed (e.g. Bull 1976; Meehan


1978; Jackson et al. 1982; Lechevin & Poche 1988; Pervez


et al 1998). Furthermore, the low levels of uptake of C1 in


the choice trials suggest that it is not attractive to house


mice even though the alternative food were pellets that


have only a low attractivity for house mice compared to


other food like oat flakes, which are normally used for


house mice choice-trials in routine testing of rodenticides


at the Federal Environment Agency. All mice survived the


choice-trials, either because they did not take up a suffi-


cient amount of bait or because the bait had no adverse


effect against them.


The very high level of cannibalism observed in these


experiments raises the question of whether the oral up-


take of cellulose is a humane method of killing mice or not.


During the course of the experiments, three mice were found


alive but seriously hurt, suggesting that at least some of


the mice that were found in the experiments were killed by


their conspecifics. Article 5.1. (b) (ii) of Biocide Product


Directive 98/8/EC requires that : “the biocidal product has


no unacceptable effects on the target organisms, such


as…unnecessary suffering and pain for vertebrates.” In-


creased aggression leading to cannibalism is clearly a


behavioral alteration that falls in the category of “unac-


ceptable effects,” thereby rendering the product unaccept-


able under this directive. However, it must be noted that


these effects were not observed in rats. A possible expla-


nation for cannibalism in animal populations can be food


shortage (Fox 1975). The cellulose baits tested in the no-


choice tests were probably low in nutrients, leading to


starvation, and, hence, cannibalism. The reason that rats


did not exhibit cannibalistic behavior could be that rats


are potentially able to survive longer without food than


mice, since their specific metabolic rates are lower because


of their greater body mass (White & Seymour 2003).


Furthermore, it is not known whether such levels of ag-


gression and cannibalism after cellulose bait uptake would


be observed in free-ranging wild populations.


Plaster


Both products with calcium sulfate hemihydrate as an


active substance were not efficacious against mice or rats.


In no-choice tests, only one of 20 mice and no rats were


killed, even though both baits were attractive for both


species. Therefore, it remains unclear whether a calcium


sulfate hemihydrate concentration of approximately 50%


was too low to be efficacious; however, it can be expected


that a higher concentration of plaster would most likely


decrease bait attractiveness. Both plaster bait products


obviously contained sufficient nutrients to allow mice and


rats to survive periods of 21 and 10 days, respectively, in


Figure 4 Mean daily food/bait uptake


of a group of eight rats in a no-choice


experiment with product P1. Mean daily


uptake was calculated by division of to-


tal daily uptake through number of


individuals. From control day one to 10,


the rats were fed with P1 bait, and from


day 11 to 24, rats were fed with wheat.


All rats survived the trial.


E. Schmolz
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no-choice tests.


CONCLUSIONS


The results of this study indicate that both cellulose-


based and plaster-based rodenticides are not suitable


agents for the control of M. musculus and R. norvegicus.


Cellulose-based baits were not attractive for mice and not


efficacious against rats, and plaster products were attrac-


tive but not efficacious to kill neither rats nor mice in suf-


ficient numbers.
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